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CONTROLLED DEUVERY SYSTEM FOR BIOACTIVE SUBSTANCES 

The present Invention relates to a controlled delivery system for 
bioactive substances. Mwb specifically this Invention relates to composite 

5 solid shaped articles for the sustained release of biologically acHve 
Ingredients, preferably composite articles comprising an outer layer and an 
Inner core fillir^Q the outer layer. The Invention additionally relates to a process 
for making the core material of such controlled delivery or sustained release 
systems, to biologically active products comprising them and to their use in 

10 agronomic and therapeutic applications. 

Hot stage extmslon Is a technique derived from the polymer and food 
Industry, The pharmaceutical industry also took Interest In this technology and 
during the last 10 years Intensive research has been periormed to explore the 
possibilities and drawbacks pf hot stage extmslon as a new production 
technique for matrix formulations Into which a drug is embedded. The major 
advantage over the more conventional matrix producUon methods is the 
continuity of the production process. Furthermore this technique Is 
characterized by a high throughput and low material loss, a good homogeneity 
of the products, the absence of organte solvents In the production process and 
the possibility to minimize the use of exclpients. 

(33.^.2,249.957 discloses a confa-olled release composition comprising 
an extruded core of biologically active substance and exclpients, said core 
25 being coated with a water-insoluble material , wherein: 

- the core Is fom^ed by extrusion from a wet mass comprising, in addition to 
the blotoglcally active substance, (a) a dry powder exdpient mixture 
comprising microcrystalllne cellulose, optionally clay, further optionally a 
water-soluble polymeric binder (e.g. gelatin or starch) and further optionally 
30 other conventional exclpients (©.g. calcium carbonate, barium sulfate, 
lactose or cartioxymethylcellulose) and (b) water or a non-aqueous liquid; 
_ the coating, which may extend over the entire surface of the ©xtmdate, 
provided that It Is sufficiently water permeable to facilitate the active 



ts 



20 



30-09-2033 i7!50 



BIRD & GCEN & CO 



32 16 4 80528 'P.eSyTSS 



9 



substance release, may include a ceilulo$$ derivative (such as 

ethylceiluiose) or a polymethyimetiiacrylate and optionally a plasticizer. 

VWiere a portion of the extrudate is uncoated at least some of the activo 

substance may be released by ero^on of the core. 
5 The controlled release composition of G6rA-2,249,9S7 does not include a 
lipophilic phd$e in the core portion thereof. 

international Patent Apptteation published as WO 95/22982 cfiscloses a 
composition for the controlled delivery of an active substance Into an aqueous 
medium by ^osion at a preprogrammed rate of at least one surface of the 
10 composOlon, comprising: 

(a) a matrix comprising the active substance, the matrix being erodibie in the 
aqueous medium, and 

(b) a coating having at least one opening exposing at least one surface of said 
matrix, the coating comprising 0) a thermoplastic water^insoluble first 

15 cellulose derivative and (ii) at leest one of a plasticizer, a filler and a 
second ceiluiose derivative which is soluble or dispefSible in water, 
said coating being erodibie* upon exposure to an aqueous medium, at a rate 
which Is equal to or slower than the erosion rate of tine matrix in tine aqueous 
medium, allowing exposure of said surface of tiie matrix to the aqueous 

20 medium to be controlled. The first cellulose derivative of the coating may be e 
cellulose etiier (e.g. ethylceiluiose). The matrix may be a polyethylene glycol 
polymer witii a melting point of 40-B0''G or. alternatively, of the same type as 
the coating, i.e. comprising a thermoplastic insoluble cellulose derivative (e.g. 
ethylceiluiose) and at least one of a plasticizer. a filler and a second cellulose 

25 derivative. 

The composition of WO 95/22962 may be produced by co-extrusion of 
the coating with the matrix, i-lowever the controlled delivery composition of 
WO 95/22962 does not include a lipophilic phase in the matrix part thcHeof. 
US-A^,309,665 discloses a a>mposition comprising: 
30 (a) a system which Is self-emulsiiying on contact with a physiological fluid, 
comprisi'i^: 
- an active agent. 
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- a lipophilic phase with a HLB of les$ than 16, consisting of a mixture of 
mono-, di- and triglycerides and of C9-C1& fatty acids and of polyethylene 
glyooi monoesters and diestars, 

- a glyoeiide-based sur^ctant with a HLB of less than 1 6. and 

s . a co-surfactant, the surfactant/co-surfactant ratio being totuveen 0.5 and 6. 
and 

(b) an inert polymer nnatrix representing from 0.5% to 40% by weight of the 
total cotnposifa'Qn and being able to form, in contact with a physiological tluid« a 
gel finom which the active agent is released i3y diffU^m. A hydrophotjic 

10 polymer (e.g. ethylcelluiose} is used ae the polymer matrix when the active 
agent is hydnsphliic, whereas a hydrophillc polymer (e.g. 
hydroxypropyinnethylcolluiose) is used when the active agent Is hydrophobic. 
Example 2 of US-A-6.309.665 discloses a hydroxypropyimethyl" 
oeliidose/iipc^hitic phase weight rado ^ 0.65. 

IS Manufecturing the composition of U8-Ar6.309.665 (whidi Is in liquid or 

semi-solid form at room temperature) involves first preparing the self- 
emulsiiVing system, and then gradually dispensing the polymer matrix in 
powder lomi in the said self-emulsifying system. The composition of US-A- 
6,309.666 ia in a physical state which is clearly not extrudabie at room 

20 temperature and does not form part of a core/coating drug delivery system. 

WO 02/05788 discloses a "double matrix" system composing an outer 
layer, for instance In fte form of a pipe or tube, and an Inner core iitted Into 
and/or filling the said outer layer, wherein the main biologically inacHve 
components of the outer layer and of the Inner core are suitably selected in 

25 onder to allow diffusion of water and water-based body fluids Into the core 
while simultaneously being able to provide controlled release of a biologically 
ac*ve (agronomical or pharmaceuticai) ingredient included in the system. 
IWore specificaJly, WO 02/05788 provides a biologically active composite solid 
shaped article comprising: 

30 a) an outer layer comprising: 

- at least a layer component selected from a starch contponent. a 
cellulose derivative and an acrylate (co}polymer, and 

- optionally a plasb'cizer for the said layer component, and 
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b) an inner core filling or fitted into the said outer layer and comprising: 

- at least a blologicaily active ingredient, 

- at least one core component selected from a starch, a lipophilic 
material, a cellulose derivative and an acrylate (co)polymer. and 

5 - optionally a plasta'cizer for the said core component. 

Manufeictiirfng this composite article involves extrusion or co-extrusIon at a 
temperature from 20^0 to 180''a "Cellulose derivative " is defined in WO 
02/05788 does not discriminate between hydrophobic cellulose polymers and 
hydrophllic cellulose polymers which like starch, when used as the main 

10 biolc^ttaily Inactive component of the outer layer and/or the Inner core off the 
composite article, are able to wlttratand diffusion of water into the core white 
providing controlled release properties. Examples 1-3 and figun^ 3^ of WO 
02/05788 show drug release rates b^ween about 16 and 40% after 10 hours 
for composite articles based on com starch with a drug loading of 30%. 

IS Furthermore figure 5 shows that the dmg release rate of these composite 
articles Is h^hly dependent on the drug loading, befrig more than doubled 
when the drug loading is increased from 30% to 40%. Consequently the 
sidlled person anticipates that the composite articles of WO 02/05788 exhibit a 
very low sustained release when the drug loading is above 30%. In additlcm. 

20 WO 02/06788 fails to disclose the use of amphiphilic materials In the inner 
core of the composite solid shaped article. 

U.S. Patent No. 6.120.802 discloses multilayer solid drug forms compr^ng 
a co-extrudate of at least two compositions which in each case comprise a 
thermoplastic . pharmacologically acceptable polymeric binder being soluble 

25 or sweilable in a physiological environment, and at least one of which contains 
a pharmaceutical active Ingredient. The polymeric binder must soften or melt 
in the complete mixture of all components In the range from 50 to 180'C. If 
necessary, the polymeric binder may be plasticized by the addition of a 
plasticizer at a concentration up to 15% of the total weight of the composition 

30 for the particular layer, although tiie composition preferably comprises no 
plasticizer. Specific examples of US-A-e.l 20.802 disclose extrudates including 
a polyvlnylpymolidone layer containing 30-40% by welghtactlve Ingredient and 
a hydroxypropylcellulose layer, both being extruded at 100-120^0. The solid 



3&-09-2002'*^ 17:51 BIRD & GOEN & CO 32 16 480528 

drug forms of US-A-6,1 20,802 do not include an ampMphilic materiai in the 
core portion thereof end do not include a layer which is extrudable at low 
temperature, i.e. l>elow SO^C 

U.S. Patent No. 5.587,179 disdoses a phamiaceuficaf formuiatton in the 

s form of an efforvesoent or disintegrating tat>let containing an active ingredient 
having an irritating or bitter taste, at least one matrix which delays the release 
of the active ingredient and which contains a fatty ester or wax, wherein the 
matrix is present in intimate admixture with the active ingredient and is applied 
to a caniar, the fomiuiation releasing at most 65% of the active ingredient in 

10 aqueous solution at room temperature within 2 minutes l)ut more than 70% of 
the active ingredient within 20 minutes at 38"C. US-A-5,587,179 thus dearly 
disclose what is commonly known in the art as a quidc or immediate release 
dmg formulation. 

A problem addressed by the present invention is to provide sustained 

IS release systems for bio-aotive substances with improved characteristics, in 
particular pharmaceutical formulatfons for oral administration wherein the 
release of the phannaceuticaliy-aciive ingredient In the gastro-intesUnal 
system occurs over an extended perfod of time of severe hours. More 
specificaily, a problem addressed by the present invention Is to improve the 

20 delivery efficiency of systems including an outer layer and an irffiar core fDIIng 
or fitted into the said outer layer while keeping the well known advantages 
thereof, r^mely their capacity to be manufactured by extrusion or co- 
extrusion. Another problem addneasad by the present invention is to improve 
the delivery efficiency of systems wherein sustained drug release proceeds 

25 mainly by en^on of the core or matrix and opffonaliy by erosion of the coating 
or outer layer. More specifically, problems addressed by the present inventton 
relate to the difHcult exbudabilHy of certain cellulose derivatives sudi as 
hydroxyprop^ethytcel{uk}se, which makes them unsuQabie for nnaidng 
pharmaceuticai formulations by extrusion or oo^xtrusfon with most drugs 

30 (especially dnjgs having no plasfldzing properties), and the fact that most 
Rpophiiic materiats described In ttie prior art result In a nearly immediate drug 
release which is not appropriate for a number of therapeutic treatments. 
Another problem addressed by ttie present invention is to provide a materiai 
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or composition for making the core or matrix component of a pharmaceutical 
formulation, especially a composite solid shaped article, which is easily 
extrudable at relatively low temperatures (for instance at temperatures not 
above 60°C)^ particularly at temperatures lower than the extrusion 
temperatures of core or matrix materials of the prior art, while at the same 
time providing a sustained drug release by erosion of the said core or matrix. 
Yet eraser problem addressed by the present invention is to provide a 
sustained release delivery system which is widely applicable to a whole range 
of drugs, whatever the solubility and/or pemfieability of the drug as defined in 
the Blopharmaceutical Classification System according to G. Amidon et aL in 
Pham. RbS. (1995) 12:413-420. 



SUIVIIVIARY QF THE INVENTON 

The present invention is based on the finding that flie disadvantages of the 
IS prior art can be overcome and the various above problems can easily but 
surprisingly be solved by suitably designing the inner core or matrix of a 
biologically active composite solid shaped article, more specifically by making 
the said inner core from a blend of a hydrophilic cellulose polymer and an 
ampl^phillc material in suitable proportions. At the same time the present 
20 invention provides a novel composition for mailing the core or matrix 
component of a pharmaceutical formulatlon» which is extrudable at low 
temperatures while at the same time providing a sustained drug release by 
erosion of the said core or matrix. 



25 PgTAlLED DESCRIPTION OF THE DRAWINGS 

Figure 1 represents the drug release profiles of two open reservoir delivery 
systems according to embodiments of the Invention, including 5% of a drug 
but different grades of a hydrophilic cellulose polymer in the inner core. 

F^igure 2 represents the drug release profiles of four open reservoir delivery 
30 systems according to embodiments of the invention Including 6% by weight of 
a drug in the inner core but with outer layers (pipes) having different 
dimensions. 
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Figure 3 represents the drug release profiles of three open reservoir- 
delivery systems according to embodiments of the invention, Induding 20% by 
weight of drugs with different water-solubilities In the inner core. 

Figure 4 represents the drug release profiles of four open reservoir delivery 
systems according to embodiments of the invention with different dnjg 
loadings fix>m S% to 30% by weight in the inner core. 

Figure 5 represents the scheme of an open reservoir delivery system 
according to the Invention. 



10 DETAILED DESCRIPTION OF THE IMVgMTfnM 

bi a first aspect, the present invention relates to a biologically active 
compo^ solid shaped article con^rislng; 
(a) an outer layer comprising: 

- at least one polymeric component and 

IS - orrtionaiiy at least one piasUcizer fbr the said polymeric component. 
0>) an inner core filling the said outer layer and <»mprisir^: 

- at least a biologically active ingredient, and 

- at least one cellulose derivafive, 

the said composite solid shaped article being characterised In that the 
20 cellulose derivative of Vne inner com is 0 hydrophilic cellulose polymer, the 
inner core.ftjrther comprises an amphiphllic material in the form of a blend with 
the said cellulose d^ivative. and the weight ratio cellulose 
dertvattve/amphiphilic material In the said blend is from about 0^:1 to about 
0.6:1. 

25 The hydrophilic nature of the cellulose derivative is Important to this 

invention. The term " hydrophilic " herein i^efers to a cellulose derivative or 
polymer having groups, preferably non-ionlzable groups, that are capable of 
hydrogen bonding, In particular of association with water molecuies at 
physiologically relevant pH. Suitable examples of hydrophHIc cellulose 
30 polymers that can be used in the present Invention Include polymers having 
elheNlrtked substituents, for instance hydroxyalkylalMcelluloses (wherein the 
alkyi group preferably has from 1 to 4 cartjon atoms) such as 
hydroxypropylmethyl^llulose. Hydroxypropylmethylcellulose is cellulose 2- 
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hydn»cyprppyl methyl ether (herelnsiler referred to as HPMC). It is a nor>-ionic 
water-soluble ether of methylcellulose which Is insoluble In hot water but 
dissolves slowly in cold water. Being used extensively as a drug tablet 
exciplent, HPMC is commercially available under various trade names. 

5 Suitable grades of HPMC include a low viscosity grade such as Methocel 
K100 from Dow Chemical, a high viscosity grade such as IVIethocel K100l\/I. 
and other types such as the iVIetolose 90SH series from Shinetsu. Any other 
hydrophilic cellulose derivative that is barely extrudable or non-extnidable into 
a drug-polymer matrix, and therefore faces the problems Identified herein- 

io at>0¥e, could be used as well. 

The amount of the hydrophilic cellulose polymer present In the Inner 
core of the composite solid shaped article according to the present irtventlon 
depends upon the dmg loading of the said core (matrix) and upon the 
presence of other excipients and additives but is preferably in a proportion of 

15 from about 10% to about 40%. more prefeiabiy 15% to 35%. of the total 
weight of the said inner core. 

TYm nature of the amphiphilic material is important as well to this 
invention. The terni ■ amphiphilic " herein refers to a material having both a 
hydrophoUc portion, for instance comprising aliphatic or aromatic hydrocarbon 

20 groups, and a hydrophilic portion. Suitable examples of such amphiphilic 
mat^ls indude those having both a portion derived from a glycerkle and a 
portion derived from a polyethylene glycol ester. For instance. It is suitable to 
use polyglycosylated glycerides as an amphiphilic material according to the 
present invention. The expression "polyglycosylated glycerides" as used 

25 herein denotes a mixture of mono-, dl- and triglycerides with polyethylene 
glycol (PEG) mono- and diesters of Ca-Cie fatty adds with a molecular weight 
preferably between about 200 and about 600. optionally further including 
glycerol and/or free PEG. the hydrophillc-lipophflic balance CHLB) value of 
which is controlled by the chain length of tiie PEG and the melting point of 

30 which is controlled by the chain length of the fiatty acids, of the PEG and of the 
degrees of saturation of the fatty chains, and thus of the starting oil. Simiiarty 
the expression " Ca-Cie fatty adds" as used herein denotes mixtures in 
various propoitions of capryiic add, capric acid, lauric a<rfd, myristic acid. 
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paiif^c add and stearic acid, vi^en these adds are saturate, and ttie 
cormponding unsaturated adds. As is well known to the eidlled person, the 
proportions of these fatty adds may vary as a function of the starting oils. 
Bsmpies of the latter Indude, l)ut are not limited to, saturated potyglycolized 

5 Cs-Cio g^cerides. sudi as the PEQ^d caprylats/taprate glyceride esters sold 
by Gatlefosse Corporafion under the tradename L^brasol: PEG-^ 
capryllc/capric glycerides soid by Huls Aktiengeseilsdiaft under the trade 
name SofUgen 767; PEG-60 com glycerides sold by Croda under the trade 
name Crovol M-70: Ceteareth-20 sold by Henkei Corporation under the trade 

10 name Eumulgin B2: diethyleneglycol nionoethyt>«thens sold by Gattefbsae 
Corporation under the trade name Transcutol; a mixture of Q-C19 saturated 
poiygtycosyiated glycerides having a melting point within a range of about 42- 
48°C and a HLB within a range of about 3 to 16 such as sold by Gattefosse 
Corporation under the trade names Geludre 48/09, Getucire 44/14 and 

15 Geludre 42/12; and mixtures thereof in various proportions. 

The amount of tfie amphiphilic material present in the inner core of the 
composite solid shaped article according to the present invention depends 
upon the dmg loading of the said cors (matrix) and upon the presence of other 
exciplente and additives but the said amount is preferably in a pn^portion of 

20 from about 30% to about 65%, mora preferably 45% to 70%. of the total 
weight of the said Inner core. 

The weight ratio of the hydrophlllc cdlulose polymer to the amphlphflic 
material in the blend of the inner cone of the com(>osite solid shaped arfide 
according to the present invenfion is an important parameter of this invention 

23 and should be selected within a range from about 0.2:1 to about 0.6:1. 
preferabty from 0.3:1 to 0.5:1. The selection of the appropriate value of tihis 
paramet^ is within the knowledge of ttie skilled person and depends upon 
dreumstances such as the required drug release profile, drug solubility, nature 
of the specific hydrophlllc cellulose polymer and amphiphilic material being 

30 used, and so on. 

The content of the blolog^Oy active Ingredient In the Inner core is not 
a critical parameter of this invention. It ts typically in a range from about 0.5 to 
about 50% by weight of the inner core, depending on the drug solubility, 
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therapeutically active dose, size of the solid shaped article and similar fectors 
well known to those skilled In the art. These contents typically permit the 
formation of a solid solution, a term which is familiar to the skilled persion. In a 
solid solution of a biologically active Ingredient in a polymer, the active 
5 in^dient Is present In the form of a molecular dispersion In the said polymer. 
The term "biologically active Ingredient ' as used herein refeis to 
therapeutic, diagnostic and prophylacSc agents as well as oth«- agents, e.g. 
selected fhom insecticides, peetiddes, herbicides^ plant growth regulators, 
fiertilisers, crop treatment agents, anti-mlcroblal agents (in particular fungicides 
10 and bactericides), admissible for use in plants, animals and humans. The 
therapeutic agent can be selected for Its spedflc properties Such as for 
Inatanoe its anti-thrombotic, anti-Inflammatory. anti-proliferBtive or anti- 
microbial efficiency. The latter Include for Instance antNnloroblal agents such 
as broad spectrum antibiotics for combating clinical and sub-dinlcal frifectton. 
15 tor example gentamycin, vancomycine and the like. Other suitable therapeutic 
agents are naturally occurring or synthette organte or Inorganic compounds 
well known in the art. Including non^roldal anti-Inflammatory dmgs, proteins 
and peptides (produced either by isolation ftom natural sources or 
recombinantly). honnones (for example androgenic, estrogenic and 

20 progestational hormones such as oestnadiol), bone repair promoters, 
carbohydrates, antineoplastic agents, antiangiogenic agents, vasoactive 
agents, anticoagulants. Immunomodulators. cytotoxic agents, antiviral agents, 
antibodies, neurotransmitters, oligonucleotides, lipids, plasmlds, DNA and the 
like. Suitable therapeutically active proteins Include e.g. fibroblast growth 

25 factors, epidermal growth factors, platelet-derived growth f^ctore, 
macnophage-derlved growth factore such as granulocyte macrophage colony 
stimulating factors, ciliary neurotrophic factors, tissue plasminogen acOyator. B 
cell stimulating factors, cartilage inductton factor, differentiating factors, gnMifh 
hormone releasing factors, human growth honmone, hepatocyte growth 

30 factors, immunoglobulins, insulin-like growth factors, interieukine, cytokines, 
Interferons, tumor necrosis fiactors. nerve growth factors, endothelial gnswth 
fectors, osteogenic factor extract, T cell growth factors, tumor grwvth 
Inhibitors, enzymes and the like, as well as ftegments thereof. Suitable 
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diagn^tic agents indude conventional imaging agents (for instance as used 
in tomography, fluoroscopy, magnetic resonance imaging and the like) such 
as transition metal chelates. Suitable anti-microblal agents include e.g. 
halogenated phenols, chlorinated diphenylethers, aldehydes, doohols such as 
s phentncyethanol. carboxyiic adds and their derivatives, organometallic 
compounds such as tributyttin compounds, iodine compounds^ mono- and 
polyamines, sulfonium and phosphonium compounds; mercapto compounds 
as well as their alkaline, alkaline-earth and heavy metal salts; ureas such as 
trihaiooarbanllide, isothia- and benzisothiazolone derivatives. Suitable 

10 insecQcid^ include natural ones. e.g. nicotine, rotenone, pynethrum and the 
iilce, and synthetic ones lIKe chlorinated hydrocarbons, crganophosphon^ 
compounds, biological Insecticides (e.g. products derived from B&dllus 
ihuringiensls), synthetic pyrethroids. organosllicon compounds, nitro-imines 
and nitromethyienes. Suitable fungiddes include e.g. dithiocarbamates, 

15 nitfophenol derivatives, heterocydlc compounds (including thiophtalimides. 
imida^les, triazines. thiadlazoles, triazoles and the like), ai^alanlnes, 
phenylbenzamides and tin compounds. Suitable herbicides Ir^dude e.g. 
trichloroacetic and an»inatic carboxyiic adds and their salts, substituted ureas 
and triazines. diphenyl ether derivatives, aniiides, uraciies. nitriies and the lika. 

20 Suitable fertilizers include e.g. enunonium sulphate, ammonium nftiata. 
ammonium phosphate and the like, and mixtures thereof. 

Therapeutically active agents which ere advantegeousty incorporated into 
the composite solid shaped artides of the present inventton preferably t>elong 
to all permeability and solubility classes of the Biophannnaceutical 

25 Classification System according to G. Amidon et al. (cited supra). As vt^l be 
appredated by those skilled in the art, these drugs belong to various 
therapeutic dasses including, but are not HmHed to, 0-blocker9. calcium 
antagonists. ACE inhibftors, sympathomimetic agents, hypoglycaemic agents, 
oontraoeptives, o-biockers, diuretics, anti^^ypertensive agents, antipsoriatics. 

30 tMonohodtlators,. cortlsones. antl-mycotics, salicylates, cylostatkss, antibiotics, 
virustatics, antihistamines. UV-absorbers, chemotherapeutics, antiseptics, 
estrogens, scar treatment agents, antifungals, antlbaeterlals, antifoiate agents. 
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cardiovascular agents, nutritional agents, anttspasmodics, analgesics and the 
like. 

The invention is suitable, for example, for formulating the following 
tiierapeutically active ingredients or cosmetic agents: acebutolol, 

s acetylcysteine, a^tylsaticylic add, acyclovir, aifuzoshie, alprazolam, 
atfia^lcidol, allantoin, aliopuiinol, alverine, ambroxol. amikacin, amiloiide, 
amlnoaceHcadd, amiodarone» amitriptyline. amiodipine, amoxidllin, ampicillin, 
ascorbic acid, aspartame, astemizole, atenolol, bedomethasone, benserasdde, 
benzallconium hydrochloride, benzocaine, benzoic acld» betamethasone, 

10 bezafibrate, blotin, biperiden, bisoprolol, bromazepam. bromhe^clne, 
bromocriptine, budesonide, bufexamae, buflomedil, buapirone. caffeine, 
camptior, captoprll, carbamazepine. carbidopa, carboplatin, cefachlor, 
cefoiexin, oefatroxil, cefazolin, cefixime, cefotaxime, cefta^dime, ceftriaxone, 
cefuroxime, cephalosporins, cetirizine. chiorampheniool, chlordiazepoxide, 

IS dilorhexidine, chlorpheniramine, chlortaiidone. choline, <^closporin, dlastattn, 
dmetidine, dprofloxacln, cisapride, dsplatin, clarithromycin, ctavulanic add. 
clomipramine, clonaz^am. cionidhe. dotrtmazote. codeine. cholestyFamine. 
oomoglydc acid, cyanooobalamin, (^proterone, desogestrel, dexamettiasone. 
dexpanthenol. dextromethorphan, dextropropoxiphen, diazepam, didofonac, 

20 digoxin. dihydrocodeine, dihydroeigotamine. dihydroergotoxin, iSltiaTem. 
diphenhydrarnine, dlp^ldamole. dipyrone, disopyramlde. domperidone. 
dopamine, doxycycllne, enataprii, ephedrine. epinephrine, ergocaicKisro], 
ergotamine. erythromycin, estradiol, ethinyiestradiol. etoposldB, Eucalyptus 
globulus, famotidine, felodipine, fenofibrate, fonoterol. fentanyi. flavine 

25 mononudeotide, fluconazole, flunarizine. fluorouradl. fluoxetine. flurbipn»fen, 
lurosemlde, gallopamli. gemfibrozn. Ginkgo biloba. glibendamidB. glipizide, 
dozapine, Olycyn-hlza glabra, griseofulvin. guaffonesin. hatopertdol. heparin, 
l^uronic add. hydrochlorothiazide, hydrooodone, hydrocortisone, 
hydromorphone, ipratropium hydroxide, ibuprofen, imipenem, indomethadn, 

30 iohexol. iopamidol. isosorbide dinitrate, Isosorblde mononitrate, isotretinoin, 
ketotifon. tetoconazole. ketoprofen, ketordac, labetaloi, lactulose, lecithin, 
levocamit'ne. levodopa, levoglulamide, levonorg^bel, tevothyroxine, 
ndocaine, lipase, imipramine, lisinoprD. loperamide, lorazepam, k>va8tat]n. 
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medroxyprogesterone, menthol, methotrexate, methyidopa. methylpredni- 
eolone, metocloprsmide, metoprolol. miconazole* midazolam, minocyctine, 
minosddiK misoprostol, moiphine. N-metttylephedrine. naftldraiuryl, naproxen, 
neomycin, nicardipine, nicergoline, nicotinamide, nicotine, nicotinic add, 

5 nifedipine, nimodlpine. nitrazepam, nitrendipine, nizatidine, nor^isterone, 
norflc»cadn, norgestrel, nortriptyline, nystatin, ofloxacin, omeprazole, 
ondansetron, pancreatin, panthenol, pantothenic acid, paracetamol, 
penicillins, phenobarbital, pentoxifylline, phenoxymethyipenteillin, 
phenylephrine, phenylpropanolamine, phenyloin, physostigmine, piroxlcam, 

10 polymyxin B. povidone iodine, pravastatin, prazepam, prazosin, prednisolone, 
prednisone, bromocriptine, propafenone, propranolol, proxyphyillne, 
pseudoephedrlne. pyridoxine, qulnidlne. ramipril, ranitidine, reserplne, retlnol, 
riboflavin, rifampicin, rutoside, saccharin, salbutamol. salcatonin, salicylic add, 
simvastatin, somatotropin, sotaiol. spironolactone, su»alfate, sulbactam. 

15 sulfamethoxazole, sulfasalazine, sulpiride, tamoxifen, tegafur, teprenone, 
terazosin, terbutaline, terfenadine. tetracaine, tetracycline, theophylline, 
thiamine, ttdopidine. timolol, taan^camic add, tretinoin, triamcinolone 
aoetonide, triamterene, triazolam, trimethoprim, troxerutin, uracil, >^lprolc 
add. verapamil, follnic add. zidovudine, zopidone, enantiomers thereof, 

20 oiganic and inorganic salts thereof, hydrates th«eof and mbduree the«^. In 
particular mbctures In synergistic proportions. 

Other active ingredients for the purpose of the Invention are vitamins, 
indude those of the A group, of the B group (which means, besides B1. B2, 
B6 and B12, also compounds with vitamin B properties such as adenine, 
25 choline, pantothenic add. biotin, adenylic add, folic add. orotic add. 
pangamic add. carnitine. p-anniinol)enzoic add, myo-lnositoi and llpoic add), 
vitamin C. ^mam^ns of the D group, E group. F group, H group, I and J groups, 
K group and P group. 

This invention is also suitable for drugs having a water-solubility as low 
30 as about 0.2 \tg/m\. Non-limKing examples of such dmgs Include for Instance 
hydrochlorothiazide, nimodlpine, flufenamlc add. mefi^ainic acid, 
bendroflumethlazide, benzthiazide, ethacrinic add, nitrendipine and 
.diaminopyrfmldlnes. Suitable examples of such pooriy soluble 
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dlaminopyrimidines include, without limftetion* 2,4-diamlno-5-(3,4,5- 
trfmethoxybdnzyl) pyrimidind (trimethoprim), 2.4-dIanifnD^3,4- 
dlmettiDxyb^tzyl) pyrlmldine (dtaveridlne), 2A diamlno^3A6- 
trimethoxybenzyl) pyrimidine, 2,4-dIamino^(2-methyl^.&<iirn6thQxyt>enzyl) 

5 pyrimidine (omietoprim), 2,4-diam[no-5-{3.4-dimethoxy-5-bromobenzyl) 
pyrimidine. 2,4^lamlno-5-(4-chloro-pheny!V6-eihyIpyrimldino 
(pyrimettiamlne), and analogues thereof. 

The constitution of the outer layer (coating) of the biologically active 
GOrnposite solid shaped article i$ not critiral to the present invention. Such 

10 coatings are well known in pharmaceutical technology and thus any 
extaidabl^ coating that will retain the structural Integrity of the Inner core may 
be ueed. It usually comprises at least one polymeric component and 
optionally at least one plasticizer for the said polymeric component Suitable 
polymeric components for the coating Include hydrophobic cellulose polymers, 

15 such as cellulose ethers. A preferred cellulose ether Is ethylceliulose, typically 
an dttiytcellulose with an ethcss^ content In the range of about 44 to about 
53%. Typical commercially available ethylcellulose products have such 
ethoxyi contents, corresponding to about 2.2 to 2,7 ethoxyl groups per 
anhydroglucose unit Other coating polymeric components whioh, when 

20 heatsed, are shapeable by extrusion. Include for instance methylcelluiose. 
acrylate (co}polymor8, polyvinylpymlldone, polyethylene oxide, polyvinyl 
alootol. poly(ethylene-oo-vinyl acetate) and the INce. 

The temi " acrylate (co)polymer ' as used herein refeis to homo- 
polymers and copolymers of at leaet one Ci.ioalkyl or Ci^ioalkytamlno acrylate 

2S or methacrylate. further optlcmally containing a minor amount (up to about 
10%) of a hydrophilic acrylic monomer euch as acrylic or methacrylic acid. 
Non-limiting examples thereof are polyethyiacrylate, polymethylmethaciylate 
and the like. 

Additionally plastlcizers may be included In the outer layer (coating) of 
30 the biologically active composite sofid shaped article of the invention. The term 
" plasticizer " as used herein refers to compounds such as glycerol, polyois 
(namely tetraols. pentois and hexols such as sorbitol), esters formed between 
glycerol and acetic acid (e.g. triacetineX sugars, glycol glycoside, 



30-03-2002-= 17:54 BIRD & GOBM & CO _ 

32 16 48^28 P..ia<32 



15 



poly(ethyiene glycol), fatty acids and esters thereof with polyethylene glycol, 
propylene glycol, butylene glycol, phtalate esters, sebacate esters and the 
like. The nature and amount of the spectTic plastlcizer to be used will vary, in a 
manner well known to those skilled in U»e art, depending on the spedfic outer 
5 \ayer (coating) polymeric component to be plasticized . 

Each of the Inner core (matrix) and of the outer layer (coating) may 
further comprise one or more other phamaceutically acceptable excipients 
such as emulsifiers or surface-active agents, thickening agents, gelling agents 
or other additives. 

10 Suitable emulsifiers or surface-active agents include water-soluble natural 
soaps and vrater-soluble synthetic surface-active agents. Suitable soaps 
include alkaline or alkaline-earth metal salts, unsubstltuted or substituted 
ammonium salts of higher fatty acids (CicrCa), ©.g. the sodium or potassium 
salts of oleic or stearic acid, or of natural fatty acid mixtures obtainable fonn 

15 coconut oil or tallow oil. Synthetic surfaca-active agents (sur^ctants) include 
anionio, oattonic and non-ionte surfactants. e.g. sodium or calcium salts of 
polyacryilc acid; sulphonated benztmidazoie derivatives praferabiy containing 
B to 22 carbon atoms; aikylarylsulphonates; and fatty sulphonates or 
sulphates; usually In the fdmn of alkaline or alkalina-earth metai salts, 

20 unsubatituted ammonium salts or ammonium salts sut>stituted virtth an allQrl or 
acyl radical having from 6 to 22 carbon atonrw, o.g. the sodium or calcium salt 
of ligniosulphonk; acid or dodecylsulphonic add or a mixture of fatty alcohol 
sulphates obtained from natural fatty acids, alkaline or alkaline-earth metal 
salts of sulphuric or sulphonic ackl esters (such as sodium lauryl sulphate) 

25 and sutphonio acids of fatty alcohol/ethylene oxide adducts. Examples of 
aikylarylsulphonates are the sodium, caidum or alcanolamine salts of 
dodecylbenzene sulphonic acid or dlbutyl-naphtalenesulphonlc add or a 
naphtalene-sulphonlc acid/formaldehyde condensation product. Also suitable 
are the corresponding phosphates, e.g. salts of phosphoric add ester and an 

30 adduct of p-nonylphenol with ethylene and/or propylene oxide) and the like. 

Suitable emulsifiers further include partial esters of fatty adds (e.g. laurlc, 
palmitic, sitearic or oleic) or hexitol anhydrides (e.g., hexitans and hexides) 
derived from sorbitol, such as commerdally availabte polysorbates. Other 
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emulsifiers which may be employed Inalude, but em not rimited to, materials 
derived from adding polyoxyethylene chains to non-esterified hydroxy! groups 
of VtxB above partial esters, such as Tween 60 commercially available from ICI 
Americae Inc.; and the poly(oxyethylene) poly(oxypropyl^e) materials 

5 marteted by BASF under the trade name Pluronlc. 

Structure-forming, thickening or gel-formfng agents may be Included Into 
the inner core and/or the outer layer of the composite solid shaped article of 
the invention. Suitable such agents are in particular highly dispersed silicic 
acid, such as the product commerdally available under the trade name 

10 Aerosil; benionites; tetraalkyi ammonium salts of montmorlllonites (e.g., 
products commercially avaiiabie under the trade name Bentone), wherein 
each of the alkyi groups may contain from 1 to 20 carbon atoms; cetostearyl 
alcohol and modified castor oil products (e.g. the product oommerclatly 
available under the trade name Antisettle). 

15 Gelling agents which may be included In tfie Inner core and/or the ouisr 
layer of the composite solid shaped article of the present inventbn Include, but 
are not limited to, cellulose derivatives such as carboxymethyloellulose, 
cellulose acetate and the like; natural gums such as arable gum, xanthum 
gum. tragacanth gum, guar gum and the like; gelatin; silicon dioxide; synthetic 

20 polymers such as carbomers, and mixtures thereof. Gelatin and modified 
celluloses represent a preferred class of gelling agente. 

Other optional excipients which may be included In the inner core and/or 
the outer layer of the composite solid shaped article Include additives such as 
magnesium oxide; azo dyes; organic and Inorganic pigments such as titanium 

25 dioxide; UV-absorbers; stabilisers; odor masking agents; viscosity enhancers; 
antioxidants such as, for example, asoorbyl palmitate» sodium bisulfite, sodium 
metabisulfite and the like, and mixtures thereof; preservatives such as, for 
example, potassium sorbate, sodium benzoate, sorbic add, propyl gallate, 
benz^alcohol, methyl paraben, propyl paraben and the like; sequesteHng 

30 agents such as ethylene<iiamine tetraacetic acid; flavoring agents such as 
natural vanillin; buffers such as dtric acid and acetic acid; extenders or bulking 
agents such as silicates, diatomaceous earlh, magnesium oxide or siuminum 
oxide; densification agents such as magnesium salts; and mfoctures thereof. 
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The selection of the optimal exdplents and fiieir proportion in the inner 
core and/or the outer layer of the composite solid shaped article of the present 
invention depends on the $pedflk: bioiogtcaliy-actlve ingredient to be 
formulated and of the required drug release cfiaracterisfics and Is well Icnown 

5 to the sidlied person 

The Iriologically acHve composite solid shaped article of this invention 
may liave any shape such as cylindrical, ellipsoidal, tubular, sheet-lilce (for 
example for transdermal therapeutic applications) or similar, i.e. its section 
may be nrcutar, elliptic, square, rectangular or the like. It may have any 

10 dimension usually suitable for the delivery of a biologically acUve ingredient for 
a specific agronomic or therapeutic application. For Instance, when It is 
Intended to be used for a pharmaceutical or veterinary application for 
administration to a human or an animal (e.g. a mammal), the inner core 
should preferably have a dimension from about 0.1 to 10 cm, more preferably 

IS from 0.1 to 1 cm, and/or the outer layer should preferably have a thickness 
ftTom 0.1 to 5 cm, more preferably from 0-1 to 1 cm. The relative dimension of 
the outer layer (i.e. its thickness), with respect to the dimension of the inner 
core, is hot critical to the present invention and may be higher or lower than or 
equal to the same. 

20 The outer layer and the inner core may both be produced by means of 
extniskm. They can either be made separately and then assembled manually 
or automaticaliy, or the inner core can be spouted into ttie outer layer 
manually or automatically, or preferably they can be made and assembled 
simultaneously Into a composite solid shaped article by means of co- 

25 extnjsion. Summarizing the process for making the composite solid shaped 
article of this invention, the outer layer (coating) may be formed by extnjsion 
of Its components at a temperature within a range from about 20*0 to about 
ISCC, preferably from 70'C to 140"C, depending on the nature of its 
polymeric component and of the optional plasticlzer and other e}«:fpient8. The 

30 Hiner core (matrix) may be formed, and this an unexpected advantage over 
the prior art. by extruding a mixture or blend of its components at a relatively 
low temperature within a range from about 20°C to about 60*C, pi^ferably 
linom 20*C ^ 45''C, depending on the ^ecific hydropltitlc oeQutose polymer. 
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tha specific amphiphilic material and the specific drug loading being selected. 
Thus In another aspect the present Invention relates to a process for making 
the core material of a biologically active formulation, comprising extruding a 
blend of at least a biologically active Ingredient, at least a hydrophlllc cellulose 
polymer and at least an amphiphilic material (these tenms being defined as 
herein-above), the weight ratio hydrophlllc cellulose polymer/amphlphllic 
material in the said blend being ftom about 0.2:1 to about 0.6:1, at a 
temperature within the range from about 20"C to about 60'C, 

Befiore co-extnjslon. a composition must be prepared separately for each 
layer of the biologically active composite soHd shaped article. For thid 
purpose, the starting components may be processed ki a separate extruder or 
melt container with downstnsam gear pump. This entails the components 
being fed In singly or as dry mixture continuously (e.g. via differential weigh 
feeders). Then mixing and/or softening or melting of the composition takes 
place in the extruder or meit container If ft Is desired to InooiporBte a 
particular temperatgre-sensltive active ingredient, this Is expediently added 
only after the softening or melting of the composition and Is Incorporated by 
longitudinal and transverse mixing in the extmder or in a kneader or mixing 
reactor and homogenked with the composition. An extruder, especially a twtfin 
screw extaider or single screw extruder with mixing secOon. is particularly 
expedient fbr preparing the composition because this permits operation under 
conditions which are optimal for the specific material. For example, as 
exemplffied above, different processing temperatures can be selected for each 
layer. The molten or plastic composiUons from the individual extnjders or other 
units are then passed into a Joint co^xtrusion die. and extruded. The shape of 
the co-extruslon die depends on the required composite solid shaped article. 
For example, dies with a plain die gap, called slot dies, and dies with an 
annular slit are suitable. The die design moreover depends on the polymeric 
component used. 

30 Shaping to the required composite article takes place downstream of the 
co-extnisfon die. It is possible to produce a large number of shapes, 
depending on the co-extrusion die and the type of shaping. For example, open 
multilayer tablets can be produced from an extrudate from a slot die. which 
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has two or more layers, by punching or cutting out, e.g. using an incandescent 
wire. Altemafively, open reservoir systems such as multilayer tablets can be 
produced via a die with an annular slit by cutting or dropping the extrudate 
immediateiy after extrusion or. preferably, after at least partial cooling. 
5 Closed solid shaped articles, e.g. drug fbrnis in whi<^ the core containing 
the biologically active ingredient is oompietely surrounded by an outer layer, 
may be obtained in particular using a die wi(h an annular elit by treating the 
extiudate in a suitable pinch device. 

Each of the inner core (matrix) or outer layer (coating) compositions can l>e 
10 extruded through circular, elliptical or annular dies. Thus, the extruded outer 
la^r may be circular or annular in cross-section, e.g. in Vne form of hollow 
tubes or pipes. Typically such tubes will have an external diameter of from 1 
mm to about 20 mm. preferably from 2 mm to 10 mm. The form of the open 
TBsetvaAf systems (as shown in figure 6) asm be varied for instance as follows: 
15 Cylindrical: cylindrical die: 0.1 cm to 5 cm 

tubular die: 0.1 cm to 5 cm (watt diameter) 
Ellipsoidal: ellipsoidal die: O.S cm to 10 cm (width) - 0.1 cm to 6 cm 
(height) 

ellipsoidal pipe die: 0.1 cm to 5 cm (wall diameter) 
20 The ^(truded lengths of material may be ait into appropriate lengths to 
produce the appropriate dosage forms. The geometrical dimensiona will, of 
course, be dependent on the intended use. Thus, fat use in humans they will 
be of a eiize suitable for swallowing, whereas for animal use they may be 
correspondingly larger. Suitable lengths for human use are from about 5 to 
25 about 20 mm. 

THe extrusion process may be carried out using equipment and techniques 
which are l«nown in the art of extrusion processing. Examples of extmslon 
equipment which may be used include, but are not limited to, end plate 
extruders, screen extruders, rotary cylinder extruders, rotary gear ^truders 
30 and ram extruders, screw extruders, disk extruders^ drum extruders. 

Operating parameters of the extruder, such as rate« speed and pressure, 
will be adjusted so as to opQmtZQ the properties of the extrudate In 
accordance with techniques which are familiar to those skilled in the art of 
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extrusion. By appropriate adjustment to the force applied to cause extrusion, it 
is possible to obtain an extrudate under stead/'State flow conditions which 
has an acceptably smooth surface. 

In yet another aspect, the present Invention relates to the use of a 

5 hydrophilic cellulose polymer (such as above-disclosed in details) in 
combination with an amphiphilic material (such as above-disclosed in details), 
wherein the weight ratio of the hydrophilic cellulose polymer to the amphiphilic 
material in the said combination is from about 0.2:1 to about 0.6:1, for 
manufacturing at least a portion of a biotogicatly active formulation. Preferably 

10 the said use is for making a biologically active composite solid shaped article 
comprising two or more layers. More prBferably, the said biologically active 
composite solid shaped article comprises an Inner core made from the said 
oondiination of the invention, and further comprises one or more coating or 
covering layer(s). Within the said use, the portion (prefsredE)!^ an inner core or 

IS matrix) of the biologically active formulation which indudea a hydrophilic 
cellulose polymer in combination with an amphiphilic n^aterial additionally 
Includes from about O.S to 30% by w^ht of a fcdologioally active Ingredient. 

The present Invention, through the novel combination of a hydrophilic 
oeliuiose polymer with an amphiphilio material in spedRc proporidons, provides 

20 fi^nificant and unexpected advantages in the field of bioactive ingredient 
formulation, such as: 

- a sustained release core (matrix) wherein '^e gel forming capadties of 
a hydrophilic cellulose polymer are able to sustain the release of a 
biologically active ingredient from an amphiphilio material matrix, i.e. 

25 frie release occurs over an extended period of time of several hours; in 

particular, the biologically active composite solid shaped articles of the 
invention typically achieve an active ingredient release within a range of 
about 20% to 50% after 10 hours; 

- file addition of a semi-solid, waxy amphiphiUc material to a hydrophilic 
30 cellulose polymer in suitable proportions results in a mixture which can 

form a drug matrix by extrusion at room temperature, thus allowing the 
incorporation of ttiermosensitive drugs. 
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Therefore the biologically active formulations and composite solid shaped 
artic^ of tliis invention are well suited for oral administration in a wide range 
of tiierapeutic treatments. 

Dissolution profiles of a few bioiqgicaliy active composite solid siiaped 
5 articles of the invention are shown in the following examples which are 
provided for iliustrative purpose only, and should in no way be inteipreted as 
limiting the scope of the present invention. 

10 in onJer to obtain a system suitable for dmg sustained release, we 

produced an "open reservoir" system consisting of a hot stage extruded 
ethylceliufose pipe surrounding a daig-containlng 6eliJClre®-HPIWC matrix. An 
exemplary production procedure of all systems tested heiein-dfter is as 
follows. Extrusion was performed on a MP19 TC2S laboratory Intemneshing 

IS co-nitating twin screw extruder of APV-Bai<er. (Newcasfle-under-L.yme. United 
IQngdom). For the production of the outer layers (p^^es), ettiyioeiiuiose and 
20% dibuiyl sebaoate (t)ased on the cellulose polymer weight) acting as a 
piastic^r were extruded under the following conditions: screw speed of 5 
rpm, powder feed rate of 0.29 kgfln and a temperature proflie of 125^125-115- 

20 105^0*C from powder feed to die. The extrudates (having an fntemai 
diameter of 5 mm and a wail thickness of 1 mm) were cut into pieces of 1 to 2 
cm. The inner core (matrix) mixture oonsisted of 5% by vv^ght theophylline 
monohydrate (avaiiabie from Lxideco. Belgium). 30% by weight 
phamiaceutlcai grade of HPMC (Methocei® K100 or KIOOIUI avaiiabie lh)m 

2S Coloroon, united Kingdom) and 65% by weight Gelucire® 44/14 (a mixture of 
Cs'Cis saturated poiyglycosylated glycerides liavlng a meiting point of 44*C 
and a HLB of 14 available from Gattefosse, France). Geludre® 44/14 was 
heated to 65°C. Theophylline monohydrate and HPMC were mixed in a 
mortar. The molten Geludre® was then admixed with the theophyiline-HPMC 

30 mixture and homogenised. This mixture was spouted Into the hollow pipes 
and, after cooling, excess material was cut off. Altemativeiy the open reservoir 
systems were produced by means of co-extnjsion as follows. The semi-solid 
Inner core (matrix) was extaided at 28'C, a screw speed of 26 rpm, a powder 
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feed rate (theophylline + HPMC) of 0.8 kg/h and a molten Gelucire® 44/14 
addition rate of 1.5 kg/h (with a peristaltic pump). 

Dissolutiori tests were perffonned while using a dissolution system 
consisting of a VK 7000 dissolution bath and a VK 8010 automatic sannpiing 
5 station (avaHable from VartKei. United States). The paddle method (USP24) at 
150 rpm and 37 ±^ o.5*C was selected, using a test medium with an tonic 
strength of 0.14 In order lo provide physiologically relevant oondifions. 
Samples were taken at 0,5. 1. 2, 4. 6. 8. 12. 16. 20 and 24 hours and 
analysed ^edrophotometilcally. 

10 

EXAMPLE 2 

Figure 1 represents the drug release profiles of two open reservoir 
delivery systems including 5% of a drug but different grades of HPMC In the 
inner core. The latter consisted of . 5% by weight theophylline moitohydrate, 
15 30% by weight Methocel® K100 ( ▲ } or Methocel® K100M.( • ) and 65% by 
weight Geiucire'^ 44/14, and wee surrounded by a 100/20 
ethylcelluk>se/dibutylseJbacate oiiter layer (pipe). Figure 1 shows that 
Methocei® K100M provides a more prolonged sustained release than 
Methooel® KIOO, aD ottier parameters being kept equal. 

20 ^ 
EXAMPLES 

Figure 2 represents ^e drug release profiles of fbur open reservoir 
delivery systems according to the invention, eai^ Including 6% by weight of a 
drug in the inner core but outer tayers (pipes) having different 
25 dimensions. Each Inner core (matrix) contained 5% by weiglit theophylline 
monohydrate, 30% by weight Methocel'^ K100 and 65% by weight Gelucire*^ 
44/14, and was surrounded by a 100/20 ethylcelluiose/dibutyi sebacate pipe 
with, respectively, a length of 1$ mm and an internal diameter of 5 mm ( • ); 
a length of 18 mm and an internal diameter of 7 mm ( X ); a length of 12 mm 
and an internal diameter of 5 mm ( ▲ ): and finally a length of 12 mm and an 
internal diameter of 7 mm ( ♦ ). 
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EXAMPLE 4 

Figure 3 represents the drug release profiles of three open reservoir 
delivery systems according to the invention, indudir^ 20% by weight of drugs 
with different water-solubility in the Inner core. Each Inner core (matrix) 

5 consisted of 25.2% by weight Methocelf" K100, 54.8% by weight Gelucire® 
44/14 and 20% by weight of, respectively, hydrochlorothiazide ( • ), 
theophyliine monc^ydrate ( ▲ ) end propranolol hydrochbride ( ■ ), 
surrounded by a 100/20 ethylcellulose/dlbutylsebacata outer layer (pipe). 
F^ure 3 shows that the drug release profiie from the open reservoir system is 

10 nearly Independent from the drug wai^-solubilrty. 

EXAf^PLE 5 

Fgure 4 represents the drug release profiles of four open reservoir delivery 
sysisms according to the tnyention with difiiepsnt drug loadings from 5% to 

15 30% by weight in the inner cow. The latter consisted of Methocef^ K100 and 
Geiudns® 44714 (in a 0.46:1 ratio) and, respectively, 5% by weight propranolol 
hydrochloride ( • ). 10% by weight propranolol hydrochloride ( ▲ ), 20% by 
weight propranolol hydrodilorMe ' ( ) and 30% by weight propranolol 
hydrodiioride ( ♦ ). and wias surrounded by a 100/20 

20 ethylceUulose/dibutyisebacate outer layer (pipe). Rgure 4 shows a limited 
effect of the drug loading on the daig release rate, contrary to the teaching of 
the prior art 
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CLAIMS 

1. A biologically active composite $olld shaped article comprising; 

(a) an outer layer connprising: 

s - at least one polymeric component, and 

- optionally at le^^t one plasticizer for the said polymeric component, 

(b) an inner core filling the said outer layer and comprising: 

- at least a biologically adJve ingredient, and 

- at least one cellulose dercvativCi 

10 characterised in that the cellulose derivative of tiie inner core is a 
hydrophlHc cellulose polymer, the inner core further comprises an 
amphiphilic meterial in the form of a blend with the said cellulose 
derivative, and the weight ratio cellulose derivative/amphlphlllc material in 
the said blend is from 0.2:1 to 0.6:1. 

IS 

2. A biologically active comF>oslte soDd shaped article according to claim 1, 
wherein the hydrophllic cellulose polymer fs a hydroxyali<yialkylcellulose. 

3. A biologically active composite solid shaped article according to dalm 1 or 
20 dalm 2, wherein the hydrophllic cellulose polymer is 

hydroxypippylmethylcellulose. 

4. A biologically active composite solid shaped article according to any of 
daims 1 to 3, wherein the amphipMlic material is a mixUjre of mono^, di« and 

25 triglycerides of polyethyleneglycol mono- and di-esters. 

5. A biologically active composite solid shaped article according to any of 
claims 1 to 4p wherein the weight ratio cellulose derivative/amphlphillc material 
in tfie blend is from 0.3:1 to 0.5:1. 

30 

6. A biologically active composite solid shaped artide according to any of 
claims 1 to 5, wherein the content of the biologically active ingredient in the 
inner core is in a range from 0.5 to 50% by weight 
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7. A blolc^lcaily active composite solid shaped artido accoitfing to any of 
claims 1 to 6, wtierain the content of the hydrophilic cellulose polymer in the 
Inner aire Is in a range fifom 10 to 40% by weight 

s 

8. A biologioaiiy active composite solid shaped article accortfing to any of 
claims 1 to 7, wherein the content x>f the In the inner core is in a range from 30 
to 85% by weight. 

10 9. Use of a hydrophilic cellulose polymer in combination with an amphiphilio 
material, wherein the weight ratio hydrophilic cellulose potymer/amphiphitio 
material in the said combination is from 0.2:1 to 0.6:1, for manufacturing at 
least a portion of a biologically aol^ve formulation. 

15 10. Use according to daim 9. whefelr\ the biologically active formulation is a 
biologically active composite solid: shaped arttde. 

11. Use according to claim 10, wtserain the tMoiogicaliy active composite solid 
shaped artlcte comprises an inner core madetrom the said combination. 

20 

12. Use according to any of claims 9 to 11, wherein the said portion of the 
biologically active formulation additionally includes from 0.5 to 50% by weight 
of a bloh^Ically active ingredient 

25 13. A process for making the core material of a blofogicatiy active formulation, 
comprising extruding a blend of at least a biologically active ingredient at 
least a hydrophilic cellulose polymer and at least an amphiphiltc material, the 
weight ratio hydrophilic cellulose polymer/amphiphilic material in the said 
blend being from 0.2:1 to 0.6:1, at a temperature within the range from 20°C to 

30 60*C. 
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APgTRACfT 

A biologically active composite solid shaped article compiisea: 

(a) an outer layer compiising; 

5 -at least one polymeiio component, and 

*■ optionally at least one plasticlzer ft>r the said polynterie component. 

(b) an tnner core filling the 8^ ou^ layer and comprising: 

- at least a biologicaily active Ingredient, and 

- at least one cellidose deri>»tlve. 

10 The cellulose derivative of the inner core 13 a hydrophiiic cellulose polymer, 
ttie inner core further comprises an amphlphllic material in the form df a 
blend with the said c^lulose derivative, and the weight ratio cellulose 
derivatfve/amphiphilic material in the said blend Is from 0J2:i to 0.6:1. 




3a-09-200e' 175 57 



BIRD & QCEN & CO 



32 16 480528 P.3a<32 




tim e (h) 



Flmjre2 




30-09-2002* 17S58 BIRD 8. BOEN 8. CO 32 16 480S2S 



3/3 




^ iiuiiercore 



^ outer layer 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



